Reversal of slow growth and heartbeat through the restoration of mitochondrial function in clk-1-deficient mouse embryos by exogenous administration of coenzyme Q10.
The longevity gene clk-1/coq7 encodes an enzyme that is essential for the biosynthesis of coenzyme Q (CoQ) in mitochondria and regulates the lifespan and behavioral timing in Caenorhabditis elegans and the chronological lifespan in fission yeast. However, whether the mammalian clk-1/coq7 ortholog (clk-1) regulates these phenotypes in mammals remains to be fully evaluated due to the embryonic lethality of clk-1-deficient (clk-1(-/-)) mice. To investigate whether clk-1 regulates biological functions, such as growth and heartbeat, through CoQ in mouse embryos, we cultivated the cells and hearts of clk-1(-/-) mouse embryos at embryonic day 10.5 (E10.5) for at least 10 days in the presence of fetal bovine serum. In embryonic cells, cardiomyocytes, and hearts, the growth and heart rates were significantly slowed in clk-1(-/-) compared with wild-type or heterozygous mouse tissues. Moreover, frequent apoptosis and a significant reduction in mitochondrial functions, including membrane potential and ATP production, were observed in the clk-1(-/-) cells and hearts. The slowed growth and heart rates and the reduced mitochondrial function of clk-1(-/-) embryonic cells and hearts in culture were almost completely rescued by the administration of exogenous CoQ(10). The results indicate that clk-1 regulates growth and heart rates through CoQ-mediated mitochondrial functions in mouse embryos.